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Introduction and background
===========================

Although healthcare systems worldwide accomplish more than ever, they are neither as successful nor as sustainable as they could be \[[@REF1]\]. Costs are increasing at a greater rate than the gross domestic products of nations, and patients, as well as many healthcare providers, are more and more discouraged with the burdens of practice; the trust of patients in their physicians seems to be decreasing \[[@REF2]\]. Newer management approaches define value as "health outcomes relative to the cost of achieving them" \[[@REF3]\]. As a result, economic considerations appear to have become as important as health itself as an outcome. A central reason for these conflicting trends may relate to how we think about health. In discussions about healthcare, the term "health" seems to be ignored (a "blind spot"). In our current conception, health is realized only when symptoms, signs, or functional limitations occur. This means that awareness of health occurs when it has already been compromised or lost. Therefore, in current thinking, health may be described in a negative connotation, and until recently, a satisfactory concept of health in its own right has been unavailable. In article 12 of the International Covenant on Economic, Social and Cultural Rights of the World Health Organization (WHO), health was described as a human right, and determinants of health were identified as "the highest attainable standard of physical and mental health" \[[@REF4]\]. In this ground-breaking document, the definition of health contained in the preamble to the Constitution of WHO, which conceptualizes health as "a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity," was actually not adopted. Several concepts of health have subsequently been suggested \[[@REF5]\], none of which has so far been accepted and successfully applied to ascertain the health of individuals and public health.

This deficit was recently addressed by the introduction of the Meikirch model \[[@REF5]\], in which a definition of health describes health on a meta-level by its structure and functions. The model uses a framework of health consisting of five components that are related to each other by 10 complex interactions. This concept has received attention because it allows health and disease to be observed and analyzed in a new context and with new consequences \[[@REF6]\]. The model has also been explored for its applicability in the practice of healthcare \[[@REF7]\]. The purpose of the present paper is to review the Meikirch model and to investigate its possible role in a paradigm change in an era of value-based healthcare.

Review
======

The Meikirch model
------------------

Origin of the Name and Graphic Representation

This new definition of health has been referred to as the Meikirch model. Meikirch is a village in Switzerland where the model was first conceived. A graphical representation of the model is shown in Figure [1](#FIG1){ref-type="fig"}.

![The Meikirch model\
The Meikirch model consisting of five components: The demands of life, an individual's two potentials, and the social and environmental determinants of health. The double arrows express ten complex interactions between these components. (Figure originates from reference 6)](cureus-0009-00000001081-i01){#FIG1}

Wording of the Model

"Health is a dynamic state of well-being emergent from conducive interactions between an individual's potentials, life's demands, and social and environmental determinants. Health results throughout the life course when an individual's potentials -- and social and environmental determinants -- suffice to respond satisfactorily to the demands of life. Life's demands can be physiological, psychosocial, or environmental and vary across individuals and contexts but, in every case, unsatisfactory responses lead to disease" \[[@REF5]-[@REF6]\].

Demands of Life

For survival, every living creature must satisfy its respective demands of life. This is a general biological postulate that varies from species to species and applies also to man. In humans, these demands may be categorized as physiological, psychosocial, and environmental.

Potentials

Health requires that individual resources match the demands of life. This means that every person must be able to respond satisfactorily to the demands of life and possible changes. Since these resources are needed not only at a specific time but also in the long-term future, they are called potentials. Each individual is equipped with two types of potentials, a biologically given potential (BGP) and a personally acquired potential (PAP). The BGP is the gift of nature everyone receives at the time of birth. It represents the biological basis of human existence. After birth, this potential decreases continuously and reaches zero at the time of death (Figure [2](#FIG2){ref-type="fig"}). Diseases and accidents may reduce it transiently or permanently (Figure [3](#FIG3){ref-type="fig"}). The term PAP is used to describe all the physical, mental, and spiritual abilities an individual can acquire during his or her lifetime. It is also the site of individual responsibility for health. After birth, the PAP increases rapidly. Thereafter, growth slows; it may continue, though, if a person invests in the development of abilities and inner growth. Efforts to develop the PAP are important investments in an individual´s future health. In a personal crisis, the PAP may decrease but recover, more or less, once the crisis is overcome. For example, alcohol or drug addiction will decrease the PAP, transiently or for life. In responding to the demands of life, the two potentials always act together. Notably, the PAP can compensate to some degree for deficiencies in the BGP. This is particularly needed as a person ages.

![The biologically given potential and the personally acquired potential\
Graph showing an idealized time course of the two potentials. The biologically given potential has a finite value at the time of birth and thereafter decreases continuously throughout life and reaches zero when the person dies. The personally acquired potential is small at the time of birth, increases rapidly shortly thereafter, and later increases more slowly. It may grow throughout life provided that the individual assumes the responsibility of caring for it. During a crisis or because of alcohol or drug addiction, it may decrease transiently or permanently. When a person is challenged by the demands of life, a satisfactory response always involves both potentials. Throughout the life course, the contribution of each potential to the sum, i.e., to the health of an individual, varies continuously, and therefore, attention to personal growth is important. (Figure derived from reference 30)](cureus-0009-00000001081-i02){#FIG2}

![Distinction between health and disease\
Health results (left) whenever the two potentials together are larger than that needed to satisfy the demands of life. When they are smaller than the demands of life (middle), disease occurs. When the potentials are reduced, health may result again, provided the demands of life have decreased even more (right). In this case, the subjects usually say that they are healthy.](cureus-0009-00000001081-i03){#FIG3}

The two potentials continuously interact with each other. This interaction may be explained best with an analogy: If a rider wants her horse to serve her well, she must take good care of her horse in every respect. For a horse to be well, it needs fluids and food, cleanliness, physical activity, a safe place to rest, and sufficient personal attention by the rider. While giving attention to the horse, the rider must stay in control and must not allow the horse to take over.

Social Determinants of Health

As shown in Figure [1](#FIG1){ref-type="fig"}, the individual determinants of health are immersed in and surrounded by social determinants of health. Initially, it is the mother who takes care of the newborn. Thereafter, the whole family, the school, and professional education become important. Later, individuals interact in multiple ways with their social environment, which becomes the concern of public health. The social determinants interact also with the "demands of life" and thereby modify, for example, working conditions and the demands of life. All these interactions influence the potential to respond satisfactorily to the changing demands of life for each individual. Obviously, the contribution of social determinants must be conducive to the BGP, PAP, age, and specific social setting of an individual. This is a responsibility that society must fulfill.

Environmental Determinants of Health

In Figure [1](#FIG1){ref-type="fig"}, the outer ring corresponds to the environmental determinants of health. These vary with the geographical location of a person, the local situation, and the amount of pollution in the environment. For instance, in Switzerland (and elsewhere), there is insufficient iodine in the natural surroundings. Table salt is thus now iodinated, and goiters and cretinism have practically disappeared. The environmental determinants interact with the social determinants of health, the BGP, the PAP, and the demands of life.

Complex Adaptive System

The Meikirch model consists of five components and ten complex interactions (Figure [1](#FIG1){ref-type="fig"}). In systems theory, such an organization corresponds to a complex adaptive system (CAS), a term in science that comprises a number of interesting properties \[[@REF8]-[@REF10]\]. The overall performance of a CAS cannot be deduced from its parts because it exhibits qualities, referred to as emergence, that are different from and much more than the sum of its parts. For example, human thinking, consciousness, and creativity are qualities that cannot be predicted from an analysis of organs or cells. What this means for traditional scientific medicine and person-centered care is detailed in Table [1](#TAB1){ref-type="table"}.

###### Comparison of Thinking in Traditional Scientific Medicine and in Person-centered Care

\*Value is defined as the health outcomes achieved for patients relative to the costs of achieving them.

  ---------------------------------- ------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------
    Thinking                         Traditional medicine                                                                  Person-centered care
  Methods                            Newtonian science                                                                     Complexity science
  Meikirch model                     Biologically given potential                                                          Personally acquired potential
  Health                             Proper function of organs and lack of symptoms                                        Well-being, life satisfaction
  General results of interventions   Predictable cause-effect relationships                                                Unpredictable, combined with strong resistance toward manipulation
  Medicine                           Imaging, clinical chemistry, microbiology, drug treatment, surgery                    Family medicine, psychotherapy, rehabilitation, complementary  medicine
  Outcome                            Predictable, measurable                                                               Unpredictable
  Public health                      Protection at the workplace, water hygiene, safety of nutrients, vaccinations, etc.   Support for families and schools, care for personal growth, healthy work-life balance, healthy aging, palliative care, etc.
  Payment system                     Spectrum from fee-for-service to value-based payment\*                                Methods that support devotion to patient care irrespective of the desired outcome
  ---------------------------------- ------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------

The identification of health as a CAS leads to a new understanding of properties that are most pertinent to healthcare. All of them must be considered when trying to understand health and disease. A CAS always functions as a whole and adapts autonomously to changes in its surroundings. The success of such an adaptation varies from time to time, from situation to situation, and from CAS to CAS. Manipulation of the system by medical doctors may be successful for a BGP, which is part of the CAS, as occurs with joint replacement, coronary artery stenting, or pharmacotherapy. Yet, a CAS intensely resists external guidance or manipulation. Top-down management of a CAS does not work. However, autonomous gradual evolution is one of its intrinsic properties that results from its existence close to the frontier between chaos and order. A chaotic state, by nature, remains chaotic and, as such, does not evolve. On the other hand, a fully ordered state corresponds to a machine that does not evolve either. Only when a system can fluctuate close to the interface between order and chaos can it gradually adjust on its own to changing circumstances.

Chaos may lead to random changes that may be useful or detrimental. In the former case, the changes are explorative, and in the latter, they may be considered to be mistakes. Order can integrate both types of changes into the system, thereby rendering it more or less adapted to its surroundings. With such an arrangement, a CAS may respond successfully to new challenges and evolve toward new properties. This represents personal development or growth. Sometimes, it is surprising to observe how much an individual can adjust to difficult life situations. At other times, rigidity may be an obstacle to progress. In man, loving relationships, creativity, positive feelings, recognition of a purpose in life, and psychotherapy are factors that tend to support favorable evolutions \[[@REF11]\]. This was well expressed by Antonovsky as a sense of coherence \[[@REF12]\]. He proposed that for health an individual must fully understand the conditions of his or her life, be able to handle problems well, and feel that activities for his or her health are purposeful. For example, a patient with Type 1 diabetes mellitus must understand the glucose and insulin physiology, be able to measure blood glucose levels and inject insulin, and feel that careful treatment of his or her condition makes sense. To achieve this, contributions from both the PAP and the society are needed.

Application of the Meikirch model in healthcare and public health
-----------------------------------------------------------------

Biology-centered and Person-centered Healthcare are Closely Interrelated

Many acute and chronic conditions of the physical body are appropriately treated by surgery or by drugs, as supported by empiric evidence and by the current practice of medicine. Such interventions in the BGP may be essential when a treatment is a lifesaving or when it may prolong a meaningful state of health. Today, the efficacy of this approach is demonstrated by the well-recognized successes of clinical research and healthcare, including evidence-based medicine. Yet, in every case, surgery or drug treatment is applied not simply to a biological organism, but specifically to an entire human being that responds with both of his or her potentials. This is illustrated in Figure [4](#FIG4){ref-type="fig"}. Insertion of a hip prosthesis concerns primarily the BGP and is therefore categorized as Newtonian science. On the other hand, psychotherapy deals mainly with the PAP and therefore reflects complexity science. However, both are not mutually exclusive. Recovery from a hip operation and rehabilitation strongly involve the PAP. Analogously, the physical symptoms of patients undergoing psychotherapy require adequate attention to the individual's BGP. Interestingly, self-care of patients with Type 1 diabetes mellitus can be regarded as based on both the BGP and PAP, almost in equal parts. Measurement of blood glucose, adherence to an adequate diet, physical activity, and the injection of insulin concern the BGP and reflect Newtonian science. Knowledge of the glucose and insulin physiology and disciplined adherence to treatment, on the other hand, require a correspondingly developed PAP that reflects complexity science. In addition, appropriate care must make sense. This requires that patients and healthcare providers must equally respect the causality of Newtonian science and the rules of systems theory necessary to deal with a CAS.

![Traditional and person-centered care\
Comparison of traditional medicine and person-centered care. The ordinate on the left-hand side expresses Newtonian science as it is customary in traditional medicine. The right-hand side represents thinking used in complex adaptive systems (CAS). Each diagnosis and treatment must always consider both factors: For hip replacement, methods of conventional medicine are predominant, and for psychotherapy, methods are based on CAS. Yet, in each case, the other factor also applies to some degree. Interestingly, the example of Type 1 diabetes mellitus is approximately in the middle. The patient must understand the physiology of glucose and insulin metabolism and must be able to measure blood glucose and inject insulin. Ultimately, however, he or she must feel that meticulous self-treatment serves her or his purpose best because it leads to the best possible future. This insight results from processes related to a CAS.](cureus-0009-00000001081-i04){#FIG4}

Diseased persons, especially those with chronic conditions, when neither surgery nor drug therapy is indicated, should receive particular attention to their health as a CAS. In this situation, the physician must consider all five components and all ten interactions of the system \[[@REF6]\]. As a result, some critical aspects may be discovered that can be discussed with the patient. Yet, as is typical of considering a patient's health as a CAS, the adaptive response to and the further evolution of the CAS will have to come from the patient himself or herself and all manipulations will disturb this process and should be avoided. Depending on the further evolution of the system, the condition of a patient may improve, remain stable, or even deteriorate. A favorable outcome for the patient as a "system" may be influenced by many different factors. In every case, a patient-doctor relationship based on mutual confidence, together with empathic attention to the personhood of the patient, is helpful but may not suffice. Some patients may require formal psychotherapy \[[@REF11]\] or be helped by selected procedures or even complementary medicine \[[@REF13]\]. Obviously, the favorable evolution of a CAS cannot be predicted and needs frequent follow-up and adjustments in interventions. Efforts for further scientific investigation of CASs in healthcare should now receive high priority (Table [1](#TAB1){ref-type="table"}).

Growth of the Personally Acquired Potential

The concept that development of one's own personality is an individual's personal responsibility is well recognized. The social setting, including the responsibility that resides with the political system, is also of importance \[[@REF14]\]. It may render personal growth easier or more difficult (Figure [5](#FIG5){ref-type="fig"}). In addition, some techniques for evolution as an individual, such as meditation or prayer, have been available for a long time \[[@REF15]-[@REF17]\]. In recent years, techniques of mind-body medicine have been developed and appear to enhance personal growth, result in more than average happiness, and are associated with longevity \[[@REF18]-[@REF21]\]. In this context, it is also of interest that mindfulness broadens awareness and builds eudaimonic meaning \[[@REF15]\]. Translated into the framework of the Meikirch model, these observations support the idea that more attention to the PAP will have important beneficial consequences for the health of individuals

![Responsibility for health\
Responsibility for health is shared by members of society and by the personal acquired potential of each individual and by members of society. Both components of the model have to fully contribute their own part. Well-functioning interactions among the two components are critical for an effective sharing of responsibility.](cureus-0009-00000001081-i05){#FIG5}

Interprofessional and Intersectoral Cooperation

Today's healthcare has become complex and requires cooperation among many professionals in different fields \[[@REF22]-[@REF23]\]. For many reasons, this complexity often leads to misunderstandings that may be very costly. Physicians and nurses, for example, sometimes do not agree on their respective competencies. Moreover, different specialties may set different priorities, and administrators may be more concerned with costs than with a patient's health. Figure [6](#FIG6){ref-type="fig"} illustrates the various professionals and institutions that are concerned with health and shows the multitude of possible interactions. All involved persons have developed their own individual vision of human health; consequently, they cannot agree easily on common goals. This situation may explain some of the many conflicts among persons who share responsibility for some aspects of healthcare. It is our hypothesis that the Meikirch model offers much more precise objectives for the division of labor in the interest of a joint purpose. As a result, the details of conflicts of interest may become more transparent and negotiable. The Meikirch model will thus allow a more rational exchange of opinions about every problem, possibly leading to better solutions and resulting in significantly improved cooperation.

![Interprofessional and intersectoral cooperation is improved by shared objectives\
Interprofessional and intersectoral cooperation functions best when all the involved persons serve the same objective. In the case of healthcare, this is difficult because personal visions of health vary from individual to individual. Thus far, health has been an ill-defined concept, and as a result, the concept has not been unifying. Once the Meikirch model is placed in the center, all participants in the health care system are able to work toward the same objectives, i.e., the health of patients.](cureus-0009-00000001081-i06){#FIG6}

The PAP is small after birth (Figure [2](#FIG2){ref-type="fig"}) and increases rapidly thereafter. During adolescence, young people start to assume responsibility for their lives. Many of them, however, have never been taught that they are also responsible for continuously investing in their future health. Discouraging smoking, physical inactivity, obesity, drug abuse, and sexually transmitted diseases is perceived as an inconvenience. Yet, in our personal experience, the Meikirch model is easily understood by people of diverse backgrounds. For instance, teaching about the model has been successful in villages of indigenous people in India. Assessment of their health-supporting behavior after the introduction of the Meikirch model revealed an impressive improvement \[[@REF24]\]. It is our hypothesis that the need for costly health care may be significantly reduced by appropriate and repeated teaching about the Meikirch model and its ramifications, including all important aspects of health. This should start in kindergarten and elementary school and continue throughout life. Realization of this postulate is a responsibility of society (Figure [5](#FIG5){ref-type="fig"}). Due to better health literacy and competency, healthcare costs are expected to diminish appreciably. Obviously, health information would have to have an unbiased and a trustworthy origin and, therefore, cannot come from industry. Once patients in our health system are accustomed to the Meikirch model, we presume that the patient-physician interaction might also benefit, and adherence to the advice of the physician is likely to improve.

Public Health

Society must assume responsibility for the health of its population in many ways \[[@REF25]\]. Supervision of epidemics, care for waste and sewage disposal, and administration of proper food handling are just a few examples of essential, larger undertakings. In addition, the organization of healthcare, including ambulatory and hospital medicine and health insurance, is also a task of society. One of the most important points is a functioning relationship between society and individuals (Figure [5](#FIG5){ref-type="fig"}). In this sphere, hidden conflicts of interest must be made visible in order to induce procedures to solve them. This is relevant in order to maintain the trust of the public and patients. Currently, large companies try to stimulate demand for their products by direct to consumer advertising as well as influencing governments and physicians. Unfortunately, these trends have undermined the trustworthiness of advice by physicians and public health experts. The results may be seen, for example, in poor patient compliance and unsatisfactory vaccination rates. Trust is the most precious commodity in healthcare and therefore needs close attention.

Payment Modalities Must Place Health at the Center!

Until recently, health needs have been the single most important concern physicians and nurses shared with their patients. This led many healthcare workers to consider their profession as a calling. Yet, due to rising healthcare costs, economic considerations, including various payment systems, have become equally (or even more) important as health itself \[[@REF26]-[@REF27]\]. This has become particularly apparent since the introduction of value-based payments. Thus, the question has now arisen as to whether healthcare with a concern for patients (patient-centered healthcare) is a calling or a business. When analyzed according to the Meikirch model, this question has two answers (Figure [4](#FIG4){ref-type="fig"}): Therapeutic procedures to correct or compensate for defects of the BGP successfully use Newtonian science predominantly (Table [1](#TAB1){ref-type="table"}) and may, in fact, be handled as a business. Outcome per costs can be measured and calculated. In contrast, care for the development of a PAP requires the application of complexity science based on the rules of a CAS (see above: Complex Adaptive System and Table [1](#TAB1){ref-type="table"}). Results can be as successful as those for the treatment of the BGP, but different methods are used, such as sustained and caring attention to the patient and/or psychology focused on the patient's PAP. This might require new metrics for health services and health outcomes to reflect the attention to the PAP.

A further example is a movement to promote integrative medicine, as proposed by the Academic Consortium for Integrative Medicine and Health. This movement reaffirms the importance of the relationship between practitioner and patient, focuses on the whole person, is informed by evidence, and makes use of all the appropriate therapeutic and lifestyle approaches, healthcare professionals, and disciplines to achieve optimal health and healing \[[@REF13]\]. The National Center for Complementary and Integrative Health has recently proposed a strategic plan to explore the science of complementary and integrative health \[[@REF28]\]. Both efforts are fully compatible with the concept of the Meikirch model: Integrative medicine requires high expertise but less technology; outcomes depend on the sustained participation of the patient and his or her PAP and are less predictable, in agreement with the concept of a CAS. Such settings are incompatible with value-based payment and other performance-based payment systems.

The Meikirch model, based on human nature with its two potentials, BGP and PAP, calls for new philosophical and economic considerations. Value-based healthcare, as introduced by Michael Porter and associates, neglects the patient´s PAP and the science of CASs. Interestingly, this inadequacy has been recognized and has led to movements that try to place the human nature of patients at the center of healthcare again. Examples are the "European Society for Patient Centered Healthcare" \[[@REF29]\] and the Academic Consortium for Integrative Medicine and Health," as mentioned above \[[@REF13]\]. It is hoped that the Meikirch model will be helpful in the development of new and more appropriate payment systems.

Conclusions
===========

In this paper, a selection of six important consequences of the Meikirch model, when applied to our present healthcare system, are explored. The conceptual framework of the model is still a hypothesis and now requires testing and confirmation by experimental research. Thus far, most explored scenarios have revealed new perspectives and consequences of the model that deserve to be evaluated. 

If health truly is the main purpose of healthcare, it is surprising that in the past physicians have not made more efforts to illuminate an understanding of health. The Meikirch model has been built on evidence available at the time and on our personal experiences and insights as healthcare professionals. A model of individual health was first proposed in 2005 \[[@REF30]\]. Thereafter, few contributions were made until a model of combining individual health with public health was proposed in 2014. When the Meikirch model was subsequently projected on various aspects of healthcare, interesting and pertinent consequences were revealed. We assume that even more consequences will become apparent with time. These experiences document that health may no longer be regarded as a "blind spot".

An important consequence of the model may relate to healthcare financing. Table [1](#TAB1){ref-type="table"} and Figure [4](#FIG4){ref-type="fig"} illustrate that the two different approaches to health\--Newtonian science and complexity science\--are always combined in clinical practice, the two approaches are fundamentally different, and, in every patient, both have to be taken into account simultaneously to varying degrees. The dual nature of health, with contributions by the BGP and the PAP, suggests that the financing of healthcare should be adapted correspondingly in order to avoid inappropriate incentives. It is evident that value-based financing is suitable only for procedures that are based mostly on Newtonian science. In contrast, patients with a strong component of health as a CAS render value-based healthcare irrelevant. In addition, new methods for handling intermediary cases need to be created. In view of the unbalanced increase in healthcare costs (favoring procedures), a more appropriate type of remuneration for health care based on both potentials (BGP and PAP) should be developed.

We believe that attention should now be paid to focusing healthcare on each individual patient as a person. The Meikirch model presents health literacy and responsibility for health in a new light. The PAP and the character of health as a CAS are new touchstones that should stimulate more personal responsibility for health. In particular, attention to personal growth may now be a goal for individuals, medicine in general, and public health. The postulates of the Meikirch model are fully in line with the theory and practice of evidence-based medicine, person-centered healthcare, and integrative medicine. The Meikirch model may, for example, give complementary medicine a new rationale: its procedures are mostly nondirective and often associated with personal attention to the patient and his or her motivations. Such features may induce the CAS of the patient to evolve autonomously toward a state of better health. It is our hypothesis that once the healthcare system has included all changes proposed by the Meikirch model, not only may the health of the population improve substantially but, at the same time, healthcare costs may also decrease appreciably.

The Meikirch model is at the core of healthcare. It is a new conceptual framework of health that may touch on many, if not on all, aspects of medicine and public health. The model may, therefore, be expected to induce gradual changes in healthcare that correspond to a paradigm shift. The authors invite the healthcare community to acquaint themselves with this model in greater depth and explore its potential and all of its ramifications.
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